A new study reveals that the integration of multiple visual depth cues in visual cortex develops surprisingly late in human childhood.
In 1958, Robert Fantz [1] introduced the visual preference method, which for the first time allowed developmental psychologists to empirically investigate human infants' perceptual abilities. This method capitalises on the fact that infants demonstrate consistent preferences to look at certain visual patterns or events over others. As a result, babies' eyes became developmental psychology's primary window into their perceptual experiences, enabling a series of striking discoveries. We have learned that not only can newborns differentiate visual patterns [1] , but they have a preference for human faces [2] , they perceive the constant sizes and shapes of objects across different orientations and distances [3] , and that an ability to perceive visual depth, even using binocular stereopsis and parallax [4, 5] , emerges in the first four months of life.
Whereas perceptual development across childhood had been a blossoming area of study in the 1960s and 70s [6] , by the 1980s and 90s, it was firmly situated in infancy, with childhood seen as a period of change in largely post-perceptual cognitive functions. This is one reason why the recent findings reported in Current Biology by Dekker et al. [7] are so striking in developmental science: they have shown that what for an adult might be considered quite a basic perceptual achievement -the ability to integrate separate visual cues into a combined percept -develops well after infancy, continuing even into early adolescence.
The Development of Cue Integration in Early Life
The question of how and when infants or children become able to combine or integrate separate sensory cues to the same feature, object or event has largely been considered within the realm of developing multisensory abilities [8] . In common with research on visual development, the visual preference method has revolutionised our understanding of these skills, and pushed downwards the ages at which an ability to perceive a multisensory world emerges. For instance, it has recently been shown that newborns are sensitive to whether or not visual-tactile and visual-auditory stimuli are presented in synchrony [9, 10] . However, using such a simple measure as visual preference has its limitations: without additional information, it is very difficult to differentiate between an account of these kinds of findings which rests on an ability to integrate separate sensory cues together into a combined percept, or a more straightforward registration of spatial or temporal correlations between different cues (see [11] ).
The challenge of addressing the question of how sensory cue integration develops in human infancy with a limited set of available methods is perhaps one of the reasons why a number of researchers have chosen to investigate this in childhood, where participants can more readily respond to questions and comply with procedural instructions. Several studies now show that ability to integrate separate sensory cues by weighting them in accordance with their relative precisions within any given situation or task, something which seems to occur quite naturally across situations in adults, does not emerge until early adolescence [12] [13] [14] . But, as we shall see next, because of problems which are endemic to developmental psychology as a field of empirical investigation, it is quite possible to remain suspicious that changes in performance across age groups do not reflect development in the underlying ability one is interested in. Perhaps, for instance, if we were able to find an appropriate method, we could show, as has happened frequently in the past, that young infants could easily achieve visual cue integration. We shall argue that using neuroscientific techniques, as Dekker et al. [7] have done, as well as informing the biological basis of the development of cue integration, also serves to navigate these thorny problems.
Unpicking the Relationship Between Age and Ability A difficult problem for developmental scientists studying behaviour concerns how to determine the relationship between age and ability. A typical developmental observation samples a given ability -for example, the ability to integrate two separate sensory cues into a combined percept -across a number of age groups. If performance improves with age then maybe that ability is developing; but if any other ability which improves with age, such as the ability to remember those cues prior to integrating them, constrains performance in the task one is using, then it may explain partially or fully the observed developmental changes in performance. Famously in developmental psychology, a number of logical-deductive cognitive abilities which Piaget considered to develop between early and middle childhood turned out upon further investigation to be available to quite young children when memory demands were reduced or eradicated (for example [15] ), prompting the conclusion that short-term memory improvement was actually the major factor underlying the development of logical operations (see also [16] ).
So, how can we be sure that developments in sensory cue integration in childhood are not due to changes in task-based constraints, such as working memory limitations? Working memory, along with many other frontally mediated cognitive functions, is well known to have a particularly delayed developmental trajectory, continuing even into adulthood [17] . It is also notoriously difficult to remove working memory demands from experimental tasks. Behavioural studies of perceptual cue integration are no exception to this. One prominent study [13] examined whether children can spatially reorient by integrating current visual information, and prior kinaesthetic information regarding position in the environment held in working memory. Another task investigating the integration of visual and haptic information concerning size and orientation of objects involves short-term maintenance, because the children's task was to make a comparison following a delay in excess of two seconds [12] . As performance in both of these examples is constrained by sensory cue integration and working memory, it is possible that developments in either, or the ability to perform both simultaneously, may be responsible for any age-related differences in performance.
Biology Unravels Development
How are developmental scientists to solve this problem? One important tool which Dekker et al. [7] deployed is to use converging methods. In their recent study, they examined the integration of visual binocular disparity and motion parallax cues to depth in both psychophysical behavioural measures and by undertaking a pattern classification technique in functional imaging in retinotopically mapped areas of visual cortex, demonstrating the same extended trajectory of development up to 11 years of age in both methods. Not only is there a striking age difference between younger and older children in terms of discrimination performance, but activity in visual cortex also shows clear evidence of the late development of cue integration. The presence of functional changes in visual cortex shows very clearly that we cannot write off behavioural developments in cue integration ability as being solely due to changes in post-perceptual cognitive processes such as working memory.
But what then can explain these late functional changes in visual cortex? Certainly, in the context of the perceptually competent picture of the human infant inherited from the 1980s and 90s, the idea that a sensory skill so basic to perceptual experience could still be developing by 10 years of age stands out. It may be that we are witnessing the revitalisation of the idea of childhood as a fertile period of development in perceptual abilities (see also [18] ). Nonetheless, we should not ignore the changes in frontal cognitive functions which are of such prominence in late childhood. Indeed, there is extensive functional connectivity between frontal brain regions supporting working memory and more posterior perceptual areas [19] , which also develops during childhood [20] , leaving open the possibility that the observed developments in cue integration were indirectly driven by the well established changes in executive functions during the same developmental period. Perhaps new skills in decision making and memory in childhood lead to the development of connectivity between frontal areas and the visual cortex which in turn lead to the emergence of visual cue integration. Studying development is certainly complex, but in order to understand it we need to embrace that complexity.
